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INTRODUCTION 
Pelargonium X hortorum Bailey and Pelargonium X domesticum Bailey are 
horticulturally important cultigens. Pelargonium x hortorum, commonly 
known as the zonal or garden geranium, is popular both as a bedding plant 
and as a flowering pot plant. Pelargonium x domesticum, commonly known as 
the regal or Martha Washington geranium, has been traditionally grown as a 
florist crop. 
Hybridization of P . x domesticum with P. x hortorum could be advanta-
geous. In addition to generally increasing the gene pool of both culti-
gens, there are specific traits that plant breeders would like to transfer 
between the two cultigens. For instance, transferring resistance to the 
bacterial pathogen Xanthomonas pelargonii from P. X domesticum to P. x hor-
torum would be beneficial (Knicely, 1964; Coffin and Harney, 1978; Craig, 
1982). Coffin and Harney (1978) also mentioned the desirability of trans-
ferring the everblooming habit from P. x hortorum to P. x domesticum. Heat 
tolerance for flowering in P. x domesticum also needs to be increased 
(Hanniford and Holcomb, 1982). Since many P. x hortorum cultivars devel-
oped at Iowa State University are heat tolerant for flowering (Buck, 1978a, 
1978b, 1978c), it might be possible to increase heat tolerance and flower-
ing potential in P. x domesticum through crosses with these P. x hortorum 
cultivars (G. J. Buck, Department of Horticulture, Iowa State University, 
Ames, Iowa, personal communication). 
Unfortunately, attempts to cross Pelargonium x hortorum with P. x 
domesticum have been unsuccessful (Knicely, 1964; Tokumasu et al., 1974; 
Coffin and Harney, 1978). Tokumasu et al. (1974) found that reciprocal 
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crosses of the P. x hortorum cultivars 'Gessho' and 'Hakubijin' with the P. 
x domesticum cu1tivars 'Ali Sweetwood No.2' and 'Strawberry Sander' failed 
prezygotically. In these crosses, they observed pollen behavior ranging 
from no germination on the stigma to growth of the pollen tube into the 
ovary. In all cases, however, no fruit or seed were formed. Coffin and 
Harney (1978) found that reciprocal crosses between P. x hortorum 'Galaxie' 
and the P. x domesticum 'Dubonnet' were also inhibited prezygotically. 
Contrary to the findings of Tokumasu et al. (1974), no pollen tubes grew 
into the style in any of the crosses. 
One potential way to hybridize Pelargonium x hortorum with P. x domes-
ticum would be to circumvent the apparent prezygotic reproductive bar-
rier(s) by directly pollinating the ovules. In this vein, seed set has 
been attained in many species through various in vitro pollination proce-
dures which employ direct ovule pollination. Unfortunately, there have 
been no reports of in vitro pollination of Pelargonium taxa. Because of 
this, many details need to be worked out before attempting to hybridize P. 
x hortorum with P. x domesticum through one of the various in vitro pol-
lination schemes. 
The objective of this study was to determine if compatible in vitro 
pollinations of selected Pelargonium x hortorum and P. x domesticum geno-
types would result in seed set. To do this, an in vivo crossability study 
of the selected P. x hortorum and P. x domesticum genotypes was carried 
out. The results of this study were used to determine which crosses were 
compatible. Following the in vivo crossability study, a series of in vitro 
pollination experiments were carried out to determine if in vitro seed 
production would result from compatible in vitro pollinations. To do this, 
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P. x hortorum and P. x domesticum pistil cultures were established using 
genotypes tested for in vivo fertility wherever possible. When these cul-
tures matured, the pistils were stigmatically pollinated. Also, additional 
experiments with disinfestation techniques were carried out to determine if 
disinfestation of Po x hortorum and P. x domesticum flower parts inhibited 
sexual reproduction. 
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REVIEW OF LITERATURE 
In vitro Pollination Schemes 
Direct ovule pollination 
Under the heading of direct ovule pollination are four basic tech-
niques by which in vitro seed set has been obtained. The following are 
simplified descriptions of the four techniques: (1) excised ovules are 
pollinated and then placed in aseptic culture; (2) placental pieces bear-
ing a few ovules are placed in aseptic culture where they are subsequently 
pollinated; (3) intact placentae with their entire mass of ovules are 
placed in aseptic culture where they are subsequently pollinated; and (4) 
entire pistils with segments of their ovary walls removed are placed in 
aseptic culture where their exposed placentae (and their stigmas, if de-
sired) are subsequently pollinated. Some species in which in vitro polli-
nations have resulted in seed set are listed in Tables 1 and 2. 
Table 1. Interspecific direct ovule pollinations resulting in seed set 
Cross 
Brassica chinensis 
X 
Brassica pekinensis 
Melandrium album 
X 
Melandrium rubrum 
Melandrium album 
X 
Silene schafta 
Zea mays 
X 
Zea mexicana 
Explant 
Free ovules 
Entact placentae + 
entire ovule mass + 
peduncle 
Entact placentae + 
entire ovule mass + 
peduncle 
Cob section + 4-6 
ovules with their 
nucellae exposed 
Author(s) 
Kameya and Hinata (1970) 
Zenkteler (1967) 
Zenkteler (1967) 
Dhaliwal and King (1978) 
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Table 2. Intraspecific direct ovule pollinations resulting in seed set 
Species 
Papaver somniferum 
Papaver rhoeas 
Argemone mexicana 
Eschscholzia 
californica 
Nicotiana rustica 
Nicotiana tabacum 
Dianthus 
caryophyllus 
Brassica oleracea 
Petunia axillaris 
Petunia axillaris 
Petunia hybrida 
Melandrium album 
Explant 
Placental pieces 
with ovules 
Placental pieces 
with ovules 
Placental pieces 
with ovules 
Placental pieces 
with ovules 
Placental pieces 
with ovules 
Placental pieces 
with ovules 
Free ovules 
Entact placentae + 
entire ovule mass + 
pedicel 
Entire pistil with 
1 placenta exposed 
Entire pistil with 
1 placenta exposed 
Entact placentae + 
entire ovule mass + 
peduncle 
Author( s) 
Kanta et al . (1962) 
Kanta and Maheshwari (1963) 
Z8bkova and Sladky (1975) 
Z8bkova and Sladky (1975) 
Kanta and Maheshwari (1963) 
Kanta and Maheshwari (1963) 
Kanta and Maheshwari (1963) 
Maheshwari and Kanta (1964) 
Kanta and Maheshwari (1963) 
Maheshwari and Kanta (1964) 
Balatkova and Tupy (1968) 
Balatkova and Tupy (1972) 
0 .. .. (1975) Zubkova and Sladky 
Zenkteler (1965) 
Kameya et al. (1966) 
Rangaswamy and Shivanna (1967) 
Rangaswamy and Shivanna (1971a) 
Rangaswamy and Shivanna (197lb) 
Wagner and Hess (1973) 
Zenkteler (1967) 
z8bkova and Sladky (1975) 
Table 2. Continued 
Species Explant 
Dicranostigma Placental pieces 
franchetianum with ovules 
Agrostemma githago Placental pieces 
with ovules 
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zea mays Cob section + 4-6 
ovules with their 
nucellae exposed 
Author(s) 
Rangaswamy and Shivanna (1969) 
Z8bkova and Sladky (1975) 
Dhaliwal and King (1978) 
Several of the in vitro pollination studies listed in Tables 1 and 2 
are particularly interesting. Kameya et al. (1966) developed an innovative 
procedure for pollination of free ovules of Brassica oleracea. Before the 
ovules were pollinated, they were dipped in a 1% CaC1 2 solution. This was 
done because it was felt that CaC1 2 attracted the pollen tubes. After the 
ovules were dipped in the CaC1 2 solution, they were placed on a glass mi-
croscope slide covered with a 10% gelatin film where pollen was sprinkled 
on them. After the slide with the ovules was kept in a moist environment 
for 24 hours, the ovules were transferred to growth media. Kameya and 
Hinata (1970) further refined this technique and were able to obtain hy-
brids between Brassica chinensis and B o pekinensis " 
Pollination of the ovules of cultured placentae has been put to some 
practical uses. Rangaswamy and Shivanna (1967, 1971a) were able to over-
come self-incompatibility in Petunia axillaris, and Zenkteler (1967) ob-
tained interspecific hybrids between Melandrium album and M" rubrum and 
intergeneric hybrids between Melandrium album and Silene schafta. 
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Self-pollination of the exposed placentae of cultured pistils has 
been used to overcome self-incompatibility in Petunia axillaris (Rangaswamy 
and Shivanna, 197lb) and in Petunia hybrida (Wagner and Hess, 1973). 
Rangaswamy and Shivanna (1971b) also used this technique to study the con-
trol of self-incompatibility in Petunia axillaris. Through a series of ex-
periments with the pollination of both the stigma and the exposed placen-
tae, they found two things: (1) pollen tube growth on the exposed placen-
tae and fertilization of the ovules on the exposed placentae did not over-
come the incompatibility reaction encountered by self-pollen tubes in the 
style; and (2) the incompatibility reaction triggered in the style by self-
pollination does not affect pollen germination, pollen tube growth, or fer-
tilization on the exposed placentae. 
Stigmatic pollination of intact pistils 
In vitro seed production resulting from stigmatic pollination of 
intact pistils has been observed in pistil cultures of various species 
(Table 3). While the majority of species listed in Table 3 were first 
pollinated in vivo and then transferred to aseptic culture, several of 
the species were pollinated after being established in aseptic culture. 
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Table 3. In vitro seed production in cultured pistils 
Species 
Petunia violacea 
Nicotiana rustica 
Antirrhinum majus 
Nicotiana tabacum 
Zea mays 
Cucumis anguira 
Brassica campestris 
Triticum aestivum 
Triticum spelta 
Zephyranthes sp. 
Hordeum vulgare 
Hyoscyamus niger 
Allium cepa 
Linaria maroccana 
Where pollinated 
in vitro 
in vitro 
in vitro 
in vitro 
in vitro 
in vivo 
in vivo 
in vivo 
in vivo 
in vivo 
in vivo 
in vivo 
in vivo 
in vivo 
Author( s) 
Shivanna (1965) 
Rao (1965) 
Rao and Rangaswamy (1972) 
Usha (1965) 
Balatkova and Tupy (1973) 
Dul ieu {1966) 
Sladky and Have 1 (1976) 
Gengenbach (1977) 
Dhaliwal and King (1978) 
Nitsch (1951) 
Inomata (1976, 1977) 
Redei and Redei ( 1956) 
Redei and Redei {1956) 
Sachar and Kapoor (1959) 
LaCroix et al. (1962) 
Bajaj (1966) 
Guha and Johri (1966) 
Sachar and Baldev (1958) 
Explant age 
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Procedural Considerations for In vitro 
Pollination Schemes 
The stage of floral development at which the explant is excised has 
been discussed by several researchers. Kameya and Hinata (1970) found that 
in vitro pollination of immature Brassica chinensis flowers generally re-
sulted in low seed set. Kanta et al. (1962) found that in vitro fertiliza-
tion in Papaver somniferum occurred most frequently when the placental seg-
ments were excised from the ovary one day after anthesis. Kanta and 
Maheshwari (1963), also reporting on in vitro fertilization of Papaver 
somniferum, found that, if the placental pieces were taken from the flowers 
anywhere from 24-72 hours after anthesis, fertilization occurred most 
often. 
Importance of retaining the calyx and/or bracts 
Various researchers have reported that retaining the calyx is impor-
tant to the successful fruit and seed development of cultured pistils. 
Working with in vitro culture of Triticum ovaries following their in vivo 
pollination, Redei and Redei (1956) found that, if the ovaries were 
stripped of their paleae before culturing, there was no embryo development. 
Similar results to those of Redei and Redei (1956) were reported by LaCroix 
et al. (1962) in a study of early embryo development of cultured Hordeum 
vulgare ovaries following their in vivo pollination. They found that, if 
the palea and lemma were removed prior to placing the pollinated ovary in 
culture, the embryo did not differentiate. Further study of these embryos 
showed that, while DNA replication took place, mitosis did not. When 
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trying to determine how the palea and lemma exerted their influence on 
early embryo development, they found that the palea and lemma did not ex-
ert their influence through control of gas exchange. If the palea and lem-
ma were left in place, but their vascular connections were severed, the in 
vitro early embryo development of recently pollinated ovaries was still 
limited. Addition of sucrose to the growth medium did not substitute for 
the palea and lemma. However, if the palea and lemma were removed from 
pollinated florets maintained in vivo, normal embryo development took 
place. From this, they concluded that substances translocated from outside 
to the ovary, other than sucrose, contributed to early embryo developement. 
Bajaj (1966), when studying in vitro culture of Hyoscyamus niger 
ovaries which had been pollinated in vivo, found that removal of the calyx 
before culturing the ovaries resulted in the formation of small fruits with 
malformed seeds. 
Guha and Johri (1966) placed in vivo pollinated ovaries of Allium cepa 
in aseptic culture. Hhen the calyx was removed before placing the pistil 
in culture, abnormal ovary growth occurred which could not be overcome by 
the addition of casein hydrolysate, indoleacetic acid or tryptophan. 
Rao and Rangaswamy (1972) found that, if the calyx was removed prior 
to making an in vitro stigmatic pollination of a Nicotiana rustica pistil, 
the fruit size was small and the seed set was reduced. 
On the other hand, not all researchers retain the calyx as part of 
the explant. Dulieu (1966) removed the calyx of each pistil when starting 
pistil cultures of Nicotiana tabacum and was able to obtain seed following 
in vitro stigmatic pollinations. In addition, all in vitro pollinations of 
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the ovules of cultured placentae that resulted in seed (Tables 1 and 2) 
were successful without the calyx being present. 
Providing uncontaminated explants 
Providing uncontaminated explants for culture has been done in a vari-
ety of ways. Some researchers have surface disinfested the entire flower 
bud (Shivanna, 1965; Dulieu, 1966; Guha and Johri, 1966; Rangaswamy and 
Shivanna, 1971a). Other researchers have removed part or all of the peri-
anth before surface disinfestation (Sachar and Kanta, 1958; Usha, 1965; 
Rao and Rangaswamy, 1972). 
Disinfestation series also vary. One common disinfestation series is 
as follows: (1) the bud or pistil is given a quick dip in alcohol; (2) the 
bud or pistil is soaked in a sodium or calcium hypochlorite solution for 10 
to 20 minutes; (3) the bud or pistil is rinsed in sterile distilled water. 
Researchers, such as Usha (1965), Dulieu (1966), and Rao and Rangaswamy 
(1972), used this type of series. A similar series to the one described 
above does not employ the alcohol dip, but otherwise is the same. Re-
searchers, such as Sachar and Kanta (1958), Shivanna (1965), and Guha and 
Johri (1966), have followed this type of disinfestation series. 
When preparing pistils for culture, care must be taken not to damage 
the pistil. In this regard, LaRue (1942) warned that some species are more 
susceptible to damage from surface disinfestation than others. In an at-
tempt to provide additional protection for the pistil during disinfesta-
tion, Dulieu (1966) dipped the pedicels of Nicotiana tabacum pistils in 
paraffin to prevent desiccation of the pistils during processing. Nitsch 
(1951) warned of possible harm to the cultured Lycopersicon esculentum 
12 
pistils if a water film persisted between the sepals and the ovary walls. 
Dulieu (1966) and Rao and Rangaswamy (1972) cautioned against wetting of 
the stigmatic surface during surface disinfestation. 
Growth media 
One of the most complex factors in any tissue culture system is the 
growth medium. The basal medium used in many in vitro pollination experi-
ments is composed of both organic and inorganic components. The organic 
component provides a carbon source (usually sucrose) and various vitamins 
and amino acids. The inorganic portion provides the essential mineral ele-
ments. Many researchers have used the mineral salts of Nitsch (1951) and 
modified White's (1943) vitamins and glycine in their basal media (Sachar 
and Kanta, 1958; Sachar and Kapoor, 1959; Rangaswamy, 1961; Rao and Ranga-
swamy, 1972). Rangaswamy and Shivanna (1967, 1971a, 1971b) used similar 
mineral salts, vitamins and glycine in their basal medium. In the basal 
growth media described above, sucrose was used as the carbon source and was 
incorporated in concentrations ranging from 4-5%. The pH of these basal 
media ranged from 5.6 to 5.8 and, if the media were solidified, agar con-
centrations ranging from 0.7 to 0.8% were employed. 
Although little work has been reported on the development of basal 
media, Inomata (1977) reported on the effects of different carbon sources 
on in vitro seed set in Brassica. He tested sucrose, fructose, and mannose 
in the growth medium used for in vitro culture of pollinated pistils of 
diploid and autotetraploid Brassica campestris. Only in the growth medium 
containing mannose was there no seed set in any of the pistil cultures. 
When Inomata varied sucrose concentrations in the growth medium, it was 
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found that increasing the sucrose concentration increased the seed set of 
diploid Brassica campestris. While the maximum seed set was attained when 
the sucrose concentration was 210 g/liter, the resulting seeds germinated 
suboptimally. For the autotetraploid Brassica campestris, the best seed 
set occurred when the sucrose concentration was between 30 and 70 g/liter. 
Various supplements have been added to the basal growth medium to help 
stimulate fruit growth and seed set. Sachar and Baldev (1958) found that 
normal sized fruit of Linaria maroccana could be obtained in vitro when 
yeast extract was added to the growth medium. Guha and Johri (1966) re-
ported that in vitro fruit development of Allium cepa was best if GA, IAA, 
and kinetin were added to the basal medium, but seed set was best when IAA 
or tryptophan was added to the basal medium. Bajaj (1966) tried to in-
crease in vitro fruit size of Hyoscyamus niger by supplementing the basal 
medium with IAA, coconut milk, and casein hydrolysate. Although none of 
these additives stimulated in vitro fruit growth to the point that it 
equalled in vivo fruit development, the addition of coconut milk to the 
growth medium had the greatest stimulatory effect on in vitro fruit develop-
ment. Usha (1965) included coconut milk as part of the growth medium when 
carrying out in vitro pollinations of Antirrhinum majus, but Balatkova and 
Tupy (1973) found that the addition of coconut milk to the basal medium was 
not essential for seed set in Antirrhinum majus. Redei and Redei (1956) 
found it necessary to add casein hydrolysate to the growth medium in order 
to obtain endosperm development in ovules of cultured Hordeum vulgare flow-
ers. Rao and Rangaswamy (1972) found that, while the addition of casein 
hydrolysate to the growth medium did not improve seed set in cultured 
pistils of Nicotiana rustica, it did improve seed germination. 
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Prevention of toxic compound accumulation 
When culturing tissues of certain taxa, one must take precautions to 
prevent the accumulation of toxic compounds that result from the oxidation 
of phenols (Monaco et al., 1977). Oxidized phenols have been reported to 
accumulate in both the culture medium and the plant tissue being cultured. 
Horst et al. (1976) and Harney (Department of Horticulture, University of 
Guelph, Guelph, Ontario, Canada, personal communication), while culturing 
meristems of Pelargonium taxa, reported problems with phenolic compounds 
in the growth medium. In both reports, a dark cloud was observed to form 
in the growth medium around the base of the explant. This cloud, presumed 
to result from the oxidation of phenolic compounds, proved to be toxic to 
the explant. Reinert and \IJhite (1956) found that tissues of Picea glauca 
would turn black and cease growth after being placed in culture. They 
noted that the blackening of the tissue was not uncommon in plants with an 
active phenyloxidase system. Monaco et al. (1977) reported that callus 
cultures of coffee turned brown as a result of oxidation of phenolic com-
pounds. 
Various procedures have been used to overcome the problem of oxidized 
phenolics. Reinert and White (1956) found that adding tyrosine to the 
growth medium prevented blackening of Picea glauca tissues. r~onaco et al. 
(1977) suggested several ways to prevent oxidized phenolics from accumulat-
ing in the cultured tissues of coffee: (1) before placing the tissue in 
culture, the tissue should be immersed in an isotonic medium supplemented 
with an antioxidant (e.g., L-cystein HCL, dithiothreitol, glutathione, 
mercaptoethanol, ascorbic acid, diethylthiocarbamate); (2) avoid high tem-
peratures in the transfer hood; (3) fortify the culture medium with 
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L-cysteine HCL; and (4) maintain the cultures in the dark. Murashige 
(1974) reported that some researchers have used ascorbic acid in conjunc-
tion with citric acid to retard browning of freshly excised tissues. Horst 
et al. (1976) found that supplementing the culture medium with M-inositol 
and L-cysteine worked to prevent the dark cloud from forming in the medium 
around the base of meristems of Pelargonium x hortorum. Harney (Department 
of Horticulture, University of Guelph, Guelph, Ontario, Canada, personal 
communication) said that transferring meristems of Pelargonium taxa one 
week after initial culture was a successful method for preventing the ac-
cumulation of the oxidized phenolic compound in the culture medium. 
Methods for obtaining pollen 
Various methods have been employed to provide pollen for in vitro pol-
lination experiments. Dulieu (1966) disinfested nondehisced anthers of 
Nicotiana tabacum in a 2% calcium hypochlorite solution. 
Rao and Rangaswamy (1972) collected anthers of Nicotiana rustica be-
fore anthesis and placed them in glass vials to dehisce. After the anthers 
dehisced, the pollen was aseptically scooped out of the anthers onto a 
sterilized spatula and used immediately. 
Kanta et al. (1962) bagged flowers of Papaver somniferum 24 hours be-
fore anthesis. On the following day, the bagged flowers were excised and 
taken to a sterile transfer chamber where the dehisced anthers were removed 
from the flower. These anthers were then exposed to ultraviolet light for 
1/2 hour before the pollen was used. 
Rangaswamy and Shivanna (1971a) excised Petunia axillaris flowers 
that were ready to open. Following excision of the flowers, the anthers 
16 
were aseptically removed and the pollen was aseptically scooped out. 
PetrB et al. (1964) disinfested mature anthers of Malus cultivars and 
Nicotiana alata in a 10% sodium hypochlorite bleach solution for 1 minute. 
The anthers were then dried over silica gel in a vacuum desiccator. After 
the anthers dehisced, they were aseptically transferred to a sterile test 
tube to await use. 
Determining pollen viability 
To determine pollen viability, the use of a pollen germination assay 
appears to be superior to tests involving pollen stainability. In support 
of this, Stanley and Linskens (1974) noted that some in~ature or aborted 
pollen grains may contain levels of stainable chemicals sufficient to yield 
positive results for viability upon stain testing. Hoekstra and Bruinsma 
(1975) reported that staining with tetrazolium bromide (a redox dye) is of 
limited value because it involves the activity of a respiratory enzyme. 
They claim that the capacity to germinate, especially in the case of tri-
nucleate pollen, decreases much faster than the capacity to respirP.. Be-
cause of this, staining a respiratory enzyme with tetrazolium bromide might 
give a false reading of germinability. 
For assaying pollen to be used for in vitro pollinations, in vitro 
pollen germination assays have two advantages over in vivo pollen germina-
tion assays. First, according to Stanley and Linskens (1974), in vivo as-
says are slow and laborius. Because of the strict timing schedule followed 
in most in vitro pollination experiments, the time required for in vivo as-
says is prohibitive. Second. an in vitro pollen germination medium can be 
used to start pollen germinating before it is used for in vitro pollination. 
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Balatkova and Tupy (1968) used artificial pollen cultures to pollinate 
ovules of cultured placentae of Nicotiana tabacum. 
Brewbaker and Kwack (1963) noted that, while binucleate pollen germi-
nates readily in vitro, trinucleate pollen does not germinate well in vi tro. 
Kameya and Hinata (1970) reported that trinucleate Brassica pollen germi-
nates poorly or not at all in a liquid medium containing boron, calcium and 
sucrose. When they solidified this medium with gelatin, however, the 
Brassica pollen was reported to germinate readily. The lack of success i n 
germinating trinucleate pollen in a liquid medium may be related to the way 
in which trinucleate pollen is hydrated in nature. Heslop-Harri son and 
Shivanna (1977), when considering the fact that trinucleate pollen general-
ly does not germinate or bursts prematurely in a liquid medium, pointed 
out that most species with trinucleate pollen have dry-type stigmas. Pelar-
gonium has trinucleate pollen and dry-type stigmas. They also suggested 
that trinucleate pollen is commonly adapted for germination on a dry stig-
ma where hydration is slow and controlled. Based on these suggestions, 
they speculated that species with dry-type stigmas might require more spe-
cialized conditions for in vitro pollen germination. Also in this ve i n, 
Bar-Shalom and Mattson (1977) felt that a liquid pollen germination medium 
was not a reasonable imitation of the natural situation encountered by 
species with dry-type stigmas. It should be noted, though, that several 
researchers have had success in germinating trinucleate pollen in a liquid 
germination medium. Ferrari and Wallace (1975) were able to germinate 
Brassica pollen in a liquid medium consisting of sucrose, H3B03 , CaC1 2 and 
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purified PEG 20,000. Hoekstra and Bruinsma (1975) were able to germinate 
pollen of several species in a liquid medium consisting of H3B0 3 , Ca(OH) 2 , 
and sucrose. 
Temperature and light 
According to Rangaswamy (1977), little is known about the effects of 
temperature and light on in vitro seed set. When studying in vitro polli-
nation of excised placentae of N,icotiana tabacum, Balatkova and Tupy (1972) 
found that there was no difference in seed set between cultures kept in 
total darkness and those kept in diffuse daylight. Inomata (1976) experi-
mented with variations of light and temperature when studying in vitro cul-
ture on Brassica campestris pistils which had been pollinated in vivo. He 
found that seed set and seed germination for a diploid cultivar were good 
between 17°C and 27°C, while seed set and seed germination were best at 
17°C for an autotetraploid cultivar. Both the diploid and autotetraploid 
cultivars set seed under the following lighting regimes: (1) 300 to 500 
lux of continuous fluorescent illumination; (2) natural light (maximum of 
300 lux, 12-hour days); (3) 2000 lux of continuous fluorescent illumina-
tion. Seed set was found to be best at 300 to 500 lux of continuous fluo-
rescent illumination for both the diploid and autotetraploid cultivars. 
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IN VIVO CROSSABILITY 
Introduction 
Before atte~pting to demonstrate in vitro seed production in Felar-
gonium x hortorum and Pelargonium x domesticum, I wanted to make all pos-
sible crosses between selected genotypes to determine which crosses yielded 
seed. This information was needed to insure that the crosses made in 
future in vitro pollination experiments would be compatible. 
Materials and Methods 
Plant material 
The following genotypes were selected based on the fact that they 
flower regularly from March through November: (1) P. x hortorum •Hazel•; 
(2) P. X hortorum 1 Skylark 1 ; (3) P. X domesticum •Josephine•; (4) P. X 
domesticum seedling 07604-1. All plants were propagated and maintained as 
described in the Appendix. 
Pollination procedures 
The following procedures used to make pollinations are those outlined 
by Buck (Department of Horticulture, Iowa State University, Ames, IA, per-
sonal communication). The florets to be pollinated were randomly selected 
from unopened flower buds (sepals separated; petals folded but exceedingthe 
sepals in length by 4-5 mrn). Each floret was stripped of the calyx, corol-
la and stamens. The resulting naked pistils were not bagged because insect 
pollinators have rarely been observed to visit flowers of P. x hortorum and 
P. x domesticum which have been stripped of the perianth. 
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Pollen for each genotype was collected as follows: (1) on the day be-
fore the pistil matured, 20 florets of the size described in the preceding 
paragraph were randomly selected from greenhouse plants; (2) these florets 
were excised from the plants and the anthers removed by dissection; (3) the 
anthers were placed in a partially covered petri dish to dehisce (dehis-
cence generally occurred within one day); (4) steps one through three were 
repeated daily to insure a fresh supply of pollen for pistils maturing 
later than anticipated. All pollen was collected during the morning hours. 
Pollination of each genotype took place on the day that the stigmatic 
parts had completely unfolded. In the P. x hortorum cultivars 'Skylark' 
and 'Hazel •, the unfolding was generally complete one day after the prepa-
ration of the florets. For P. x domesticum seedling 07604-1, the unfolding 
process took two days, and in the case of P. x domesticum 'Josephine', the 
stigmatic parts unfolded three days after the preparation of the florets. 
Pollen from one anther was used to pollinate one pistil, the pollen being 
applied by daubing the dehisced anther on the stigmatic lobes. All polli-
nations were done during the morning hours. 
Crossability experiments 
The crossability experiments were carried out from late March to early 
May. The first of these experiments dealt with intraspecific pollinations 
of P. x hortorum 'Skylark' and P. x hortorum 'Hazel •. For each genotype, 
60 florets were randomly chosen from 10 greenhouse-grown plants. The 
florets were prepared for pollination as described above. Twenty of the 
P. x hortorum 'Hazel 1 florets were assigned to each of the following treat-
ments: (1) control (no pollination); (2) self-pollination; (3) pollination 
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with P. x hortorum •skylark• pollen. Twenty of the P. x hortorum •skylark• 
florets were assigned to each of the following treatments: (1) control 
(no pollination); (2) self-pollination; (3) pollination with P. x h ortorum 
1 Hazel 1 pollen. 
The second crossability experiment dealt with intraspecific pollina-
tions of P. x domesticum •Josephine• and P. x domesticum seedling 07604-1. 
For each genotype, 60 florets were randomly chosen from 10 greenhouse-
grown plants. The florets were prepared for pollination as described 
above. Twenty florets of P. x domesticum •Josephine• were assigned to 
each of the following treatments: (1) control (no pollination); (2) self-
pollination; (3) pollination with P. x domesticum seedling 07604-1 pollen. 
Twenty of the P. x domesticum seedling 07604-1 florets were assigned to 
each of the following treatments: (1) control (no pollination); (2) self-
pollination; (3) pollination with P. x domesticum •Josephine• pollen. 
The third crossability experiment dealt with interspecific pollina-
tions of the P. x hortorum cultivars •Hazel• and •skylark• and the P. x 
domesticum cultivar •Josephine• and the seedling 07604-1. For each of 
these genotypes, 60 florets were randomly selected from 10 greenhouse-
grown plants. The florets were randomly assigned to treatments as shown 
in Table 4. Twenty florets of each genotype were prepared as unpollinated 
controls. 
Seed germination 
When all of the seeds had been harvested, they were scarified by re-
moving a small piece of the seed coat (Craig and Walker, 1976). The scari-
fied seeds were then placed on moistened filter paper in appropriately 
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Table 4. Pollination scheme for interspecific in vivo crosses 
'Skylark' female 
'Hazel' female 
'Josephine' female 
D7604-1 female 
'Skylark' 
male 
20 
20 
aNumber of pollinations. 
'Hazel' 'Josephine' 
male male 
20 
20 
20 
20 
D7604-1 
malea 
20 
20 
labeled petri dishes. The dishes were maintained at room temperature on a 
laboratory bench. lJater was added as needed to keep the filter papers 
moist. The seed germination tests were maintained for 20 days. The tests 
ended after this number of days since, at the expiration, seeds had either 
germinated or become infested with microbial contamination. 
Fertility data collected 
For each cross made, I collected the following data: (1) the number 
of carpels per pistil with swelling indicative of seed formation; (2) the 
number of normal seeds per pistil; (3) seed germination rate for all normal 
seeds. 
Data analysis 
Data for the average number of carpels per pistil with swelling (indi-
cative of seed formation) and the average number of normal seeds per pistil 
were subjected to an analysis of variance using the General Linear Models 
procedure described in the SAS User's Guide (1979). Single degree of free-
dom contrasts were made of the genotypes of each cultigen to determine 
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which genotype made the best seed parent and which the best pollen parent. 
The data for the average number of carpels per pistil which gave evidence 
of seed formation are presented only if a cross or self-pollination did not 
result in normal appearing seeds. Seed germination percentages are pre-
sented without further data analysis because some of the seeds were lost to 
contamination before germinability could be determined. Any pistils dam-
aged during preparation for pollination or during data collection were not 
included in the analysis. 
Results 
Experiment 1 
The first crossability experiment dealt with intraspecific crosses in 
P. x hortorum. ~·Jhen considering the female effect on seed set averaged 
over both pollen parents (Table 5), I found that P. x hortorum •Hazel • is 
statistically a better seed parent than P. x hortorum •skylark•. These 
two genotypes do not differ significantly for the male effect on seed set 
averaged over both seed parents (Table 5). As shown in Table 6, neither 
P. x hortorum 1 Hazel 1 nor P. x hortorum 1 Skylark 1 showed evidence in the 
unpollinated controls of carpel swelling (indicative of seed formation) nor 
did the control of either genotype in fact set seed. The data in Table 7 
show that seed germination was 100% for the seeds resulting from all four 
pollination regimes. 
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Table 5. Average number of seeds per pistil for P. x hortorum intraspecif-
ic crosses in vivo 
'Skylark' male 'Hazel • male 
'Skylark' female 
'Hazel • female 
Average male effect 
Contrasts 
0.52 
0.55 
0.54 
'Skylark' vs. 'Hazel • (average female effect) 
'Skylark' vs. 'Hazel • (average male effect) 
*Significant at a = 0.05. 
0.32 
1.19 
0. 72 
F value 
4.28 
0.97 
Average 
female effect 
0.42 
0.83 
PR > F 
0.042* 
0.327 
Table 6. Average number of swollen carpels per pistil and average number 
of seeds per pistil for unpollinated P. x hortorum controls in 
vivo 
Genotypes 
P. X hortorum 'Skylark' 
P. X hortorum 'Hazel 1 
Average 
number of swollen 
carpels/pistil 
0 
0 
Average 
number of 
seeds/pi sti 1 
0 
0 
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Table 7. Seed germination percentages for P. x hortorum intraspecific 
crosses 
• Skylark • • Skylark • 'Hazel • 'Hazel 1 
self- X self- X 
pollination 'Hazel • pollination 'Skylark' 
Germination 8 5 12 10 
No germination 0 0 0 0 
Tota l 8 5 12 10 
Percent germination 100% 100% 100% 100% 
Experiment 2 
The second crossability experiment dealt with intraspecific crosses 
in P. x domesticum. When considering the female effect on the average num-
ber of swollen carpels per pistil taken over both parents (Table 8), one 
sees no statistically significant differences between P. x domesticum 
I Josephine I and P. X domesticum seedling 07604-1. Pelargonium X domest·icum 
seedling 07604-1 is, however, a significantly better pollen parent when 
considering the average number of carpels per pistil with swelling (indica-
tive of seed formation). The seed set data in Table 9 show that P. x 
domesticum 'Josephine• self-pollination did not result in any normal seed, 
but it should be noted that self-pollination resulted in a number of shriv-
elled seeds which shows that fertilization had taken place, and also ex-
plains the observation of swollen carpels (indicative of seed formation). 
Because of this seed-set failure, P. x domesticum seedling 07604-1 had a 
significantly greater female effect on seed set, as well as a significantly 
greater male effect. As seen in Table 10, the unpollinated controls for 
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Table 8. Average number of swollen carpels per pistil for P. x domesticum 
intraspecific crosses in vivo 
•Josephine• male 07604-1 male 
•Josephine• female 0.58 1.20 
07604-1 female 0.89 1. 61 
Average male effect 0.74 1.40 
Contrasts F value 
07604-1 vs. •Josephine• (average female effect) 1.27 
07604-1 vs. •Josephine• (average male effect) 4.31 
*Significant difference at a = 0.05. 
Average 
female effect 
0.90 
1.24 
PR > F 
0.2632 
0.0416* 
Table 9. Average number of seeds per pistil for P. x domesticum intraspe-
cific crosses 
•Josephine• male 07604-1 male 
•Josephine• female 
07604-1 female 
Average male effect 
Contrasts 
0.00 
0.58 
0.29 
07604-1 vs. •Josephine• (average female effect) 
07604-1 vs. •Josephine• (average male effect) 
*Significant at a = 0.05. 
0.70 
1.28 
0.97 
F value 
4.34 
7.08 
Average 
female effect 
0.36 
0.92 
PR > F 
0.0310* 
0.0096* 
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P. x domesticum 'Josephine' and P. · x domesticum seedling 07604-1 neither 
set seed nor displayed any carpels with swelling (indicative of seed forma-
tion). Seed germination rates for the different pollination regimes ranged 
from 54.5% to 85.7% (Table 11). 
Table 10. Average number of swollen carpels per pistil and average number 
of seeds per pistil for unpollinated P. x domesticum controls 
in vivo 
Genotype 
'Josephine• 
07604-1 
Average number of 
carpels/pistil 
with swelling 
0 
0 
Average number 
of seeds/pi sti 1 
0 
0 
Table 11. Seed germination percentages for P. x domesticum intraspecific 
crosses 
07604-1 07604-1 'Josephine• 'Josephine• 
self- X self- X 
pollination 'Josephine• pollination 07604-1 
Germination 17 6 12 
No germination 6 5 2 
Total 23 11 14 
Percent germination 73.9% 54.5% 85.7% 
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Experiment 3 
This experiment dealt with interspecific crosses between P. x hortorum 
and P. x domesticum genotypes. As can be seen from Table 12, none of the 
cross-pollinations resulted in seed set. In fact, none of the pollinated 
pistils displayed any carpels with swelling (indicative of seed formation). 
As with the pollinated pistils, none of the unpollinated controls (Table 
13) set seed or displayed any carpels with swelling (indicative of fer-
tilization). 
Table 12. Average number of svJollen carpels per pistil and average number 
of seeds per pistil for interspecific crosses between P. x hor-
torum and P. X domesticum in vivo 
Number of swollen Number of 
Cross carpels/pistil seeds/ pi st i 1 
P. X hortorum 'Hazel' X 0 0 
P. X domesticum 'Josephine' 
P. X hortorum 'Hazel' X 0 0 
P. X domesticum 07604-1 
P. X hortorum 'Skylark' X 0 0 
P. X domesticum 'Josephine' 
P. X hortor.um 'Skylark' X 0 0 
P. X domesticum 07604-1 
P. X domesticum 'Josephine' X 0 0 
P. X hortorum 'Hazel' 
P. X domesticum 'Josephine' X 0 0 
P. X hortorum 'Skylark' 
P. X domesticum 07604-1 
0 0 P. X hortorum 'Hazel' 
P. X domesticum 07604-1 X 0 0 P. X hortorum 'Skylark' 
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Table 13. Average number of swollen carpels per pistil and average number 
of seeds per pistil for unpollinated P. x hortorum and P. x 
domesticum controls in vivo 
Genotype 
P. X hortorum 'Skylark' 
P. x hortorum 'Hazel' 
P. x domesticum 'Josephine' 
P. X domesticum 07604-1 
Average 
number of swollen 
carpels/pistil 
Discussion 
0 
0 
0 
0 
Average 
number of 
seeds/pistil 
0 
0 
0 
0 
The results presented above point out three important things. First, 
most of the intraspecific pollinations of the selected P. x hortorum and 
P. x domesticum genotypes resulted in the formation of viable seeds. This 
is encouraging in the sense that three of the four genotypes being con-
sidered for use in future in vitro pollination experiments are both self-
and cross-fertile. While self-pollination of P. x domesticum 'Josephine' 
did not result in the formation of normal seeds, the fact that shrivelled 
seeds were formed shows that at least fertilization took place. Second, 
none of the interspecific crosses between the P. x hortorum and P. x domes-
ticum genotypes either set seed or gave evidence of fertilization. This 
information verifies the findings of other researchers that the two culti-
gens do not hybridize by means of normal stigmatic pollination. Had the 
reverse been true, there would be little point in trying to hybridize them 
using the more difficult in vitro techniques. Third, none of the unpol-
linated controls set seed. While not remarkable in itself, this fact does 
support the contention made earlier that insect pollinators, at least under 
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greenhouse conditions, do not visit florets whose calyx, corolla, and 
stamens have been removed. It also indicates that these cultigens do not 
set seed parthenogenetically. 
To analyze the data on fertility, it would have been desirable to use 
the equation for percent total fertility used by Chow and Harney (1970): 
(
seed set x percent seed germination) 
total number o.f ovules pollinated · 
Unfortunately, two factors militated against doing so. First, a number of 
seeds resulting from certain pollination regimes were lost to microbial 
contamination before germinability could be determined. Because of this, 
the seed germination percentages for these crosses were likely not accurate 
gauges of seed viability. Second, during the crossing experiments, it was 
assumed that all genotypes had 10 ovules per pistil. It was later discov-
ered that certain genotypes occasionally have more than 10 ovules per pis-
til. This made determination of the correct figure for the denominator of 
the total fertility equation impossible. 
Based solely on seed set data, P. x hortorum 'Hazel • makes the best 
seed parent of the two P. x hortorum cultivars tested, while neither P. 
x hortorum 'Hazel • nor P. x hortorum 'Skylark' are statistically superior 
as a pollen parent. Also based solely on seed set, P. x domesticum seed-
ling 07604-1 is both the best seed parent and the best pollen parent of the 
two cultivars tested. 
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IN VITRO STIGMATIC POLLINATIONS 
Introduction 
For the following experiments, the technique of in vitro stigmatic 
self-pollination was used to determine if pistils of selected P. x hortorum 
and P. x domesticum genotypes could produce seed in vitro. This technique 
was chosen for several reasons. First, growing the entire pistil in cul-
ture insures that ovules will not be physically damaged during the cultur-
ing process. Second, because this technique more closely resembles the in 
vivo situation than do other in vitro techniques, in vitro pollination of 
entire pistils should have the best chance of seed production. Third, 
since the pollination takes place in vitro, the pollen is subjected to con-
ditions of light, temperature and humidity similar to those that would be 
encountered in techniques of direct ovule pollination in vitro. 
A secondary objective of these experiments was to determine if polli-
nating pistil cultures with pollen obtained using little or no disinfesta-
tion resulted in high levels of microbial contamination in culture. 
Materials and Methods 
Plant material 
The following genotypes were used in these experiments: (1) P. x hor-
torum 'Hazel'; (2) P. X hortorum 'Pink Jade'; (3) P o X domesticum 'Jose-
phine'. With the exception of P. x hortorum 'Pink Jade', in vivo fertili-
ty data had been previously determined for these genotypes. While 
fertility data for P. x hortorum 'Pink Jade' had not been determined 
through previous controlled experiments, I had observed that this genotype 
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produced seed regularly through natural self-pollination. All plants were 
propagated and maintained as described in the Appendix. 
Preparing pistil cultures 
The following procedures for establishing pistil cultures developed 
during preliminary experiments It/ere used to establish P. x hortorum and P. 
x domesticum pistil cultures: (1) flO\-Jer buds with separated sepals and 
folded petals which exceeded the sepals in length by 4-5 mm were excised; 
(2) the sepals, petals, and stamens were removed from the excised flower 
buds; (3) the naked pistils were shaken for 15 minutes i.n a solution of 10 
parts commercial laundry bleach (containing 5% sodium hypochlorite) and 90 
parts distilled water (containing 0.05 ml Triton X-100/1000 ml of solu-
tion); (4) in a laminar flow transfer hood, the disinfested pistils were 
rinsed four times in sterile distilled water; (5) the rinsed pistils were 
blotted dry with sterile filter paper; (6) the pedicel of each pistil was 
shortened to 3 mm with a sterilized scalpel before the pistil was placed 
in aseptic culture. 
In the reivew of the literature, I noted that several researchers had 
found the calyx to be essential to seed production in pistils grown in 
vitr o (Redei and Redei, 1956; LaCroix et al., 1962; Bajaj, 1966). In the 
pistil cultures made for this project, the calyx was not retained because: 
(1) Dulieu (1966) did not retain the calyx when starting pistil cultures of 
The explant age was judged correct because pistils of both cultigens 
were observed to mature in vitro in the same manner as they do in vivo (the 
stigmatic lobes fold back). The aseptic procedures, modified after Rao and 
Rangaswamy (1972), were judged adequate because contamination of the cul-
tures was minimal. 
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Ni coti ana tabacum, but was successful in obtaining seeds following i n vi t ro 
pollination of the cultures; (2) I had difficulty in removing the water 
film which formed between the sepals and the ovary wall, a condition which 
Nitsch ( 1951) found to be deleterious to the cultured pistils of Lycoper-
sicon esculentum. 
Also reported in the literature was the practice of dipping the cut 
end of the pedicel in paraffin before disinfestation (Dulieu, 1966). This 
was not done in the present study for fear of damaging the pedicel with the 
paraffin. 
Rangaswamy (1977) warned that care should be taken not to wet the 
stigma during disinfestation. In my study, the entire pistil was immersed 
in both the bleach solution and the rinse water. I felt this could be done 
safely because the stigmatic lobes were still folded together at the time 
of disinfestation. 
Growth medium 
Based on my preliminary studies 1 of P. x hortor um and P. x dome sticum 
pistil cultures, a modified version of the growth medium used by Rangaswamy 
and Shivanna (1971a) was used for culturing pistils of the two cultigens 
(Table 14). This growth medium was modified from that used by Rangaswamy 
and Shivanna (1971a) by substituting the iron regime of Linsmaier and Skoog 
(1965) for ferric citrate. When formulating this medium, deionized water 
1The cr i teria used for determining acceptability of the growth medium 
were the following: (1) immature pistils matured in culture as evidenced 
by the unfolding of the stigmatic lobes; (2) unpollinated pistils remained 
green in culture approximately as long as unpollinated pistils in vivo. 
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Table 14. Growth medium used for all .pistil cultures 
Constituent 
Ca(N03h·4H20 
KN03 
KH2P04 
MgS04•?H20 
CuS04•5H20 
Na 2Mo04 
ZnS04•?H20 
t~nS04 ·4H20 
H3B03 
FeS04•?H20 
Na2EDTA 
Glycine 
Calcium pantothenate 
Pyridoxine HCL 
Niacin 
Thiamine HCL 
Sucrose 
Difco Bacto-Agar 
pH = 5.6 
aSubstituted for ferric citrate. 
Concentration (mg/1) 
500 
125 
125 
125 
0.025 
0.025 
0.5 
3 
0.5 
27.8a 
37.3a 
7.5 
0.25 
0.25 
1.25 
0.25 
40,000 
8,000 
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was used. All constituents, except the agar, were added before adjusting 
the pH to 5.6 with KOH. After adding the agar, the medium was placed in 
an autoclave for 3 minutes at 121°C to melt the agar. The medium with the 
melted agar was automatically pipetted at the rate of 15 ml per tube into 
25 x 150 mm disposable glass culture tubes. Each tube was then capped with 
a Kaput® disposable closure (Bellco Glass, Inc., Vineland, NJ) before be-
. ing placed in an autoclave for 15 minutes at 121°C. After autoclaving, the 
tubes were placed in a rack to harden as slants. When the culture medium 
in the tubes had solidified, the tubes were double wrapped with Parafilm at 
the juncture of the tube and the base of the closure. All finished slants 
were stored in a refrigerator until used. 
Methods for obtaining pollen 
Three methods for obtaining pollen were tested, each of which was 
given a descriptive name to facilitate discussion of the technique. The 
first technique (modified after Rao and Rangaswamy, 1972), which I shall 
refer to as the 11 non-di s-pp 11 method, was carried out as fo 11 ows: ( 1) 15 
unopened florets with separated sepals and folded petals which exceeded 
the sepals in length by 4-5 mm were randomly selected from greenhouse-grown 
plants one day. before pollination; (2) in a laminar flow transfer hood, the 
calyx and corolla of each floret were carefully peeled away; (3) the ex-
posed anthers were removed with sterile forceps and placed in sterile, cov-
ered plastic petri dishes. Most anthers dehisced approximately one day 
after being placed in the petri dishes. 
The second method for obtaining pollen, which I will refer to as the 
11 Sprayed bud 11 method, was carried out as follows: (1) 15 unopened florets 
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with separated sepals and folded petals which exceeded the sepals in length 
by 4-5 mm were randomly selected from greenhouse-grown plants one day prior 
to pollination; (2) in a laminar flow transfer hood, the unopened florets 
were sprayed with 70% ethanol; (2) the calyx and corolla were aseptically 
removed using sterilized forceps; (4) the exposed anthers were removed with 
steri l ized forceps and placed in sterile, covered plastic petri dishes to 
dehisce. Dehiscence generally occurred approximately one day after the 
anthers were placed in the dishes. 
The third method for obtaining pollen, which I will refer to as the 
11 non-dis-gh 11 method, was carried out as follows: (1) on the day of polli-
nation, 15 opened florets with newly dehisced anthers were randomly se-
lected from greenhouse-grown plants; (2) the dehisced anthers were excised 
from the florets and taken to the laboratory for immediate use. 
Determining pollen viability 
The liquid pollen germination medium adapted for use in these experi-
ments was selected through preliminary experimentation. This medium con-
tained the constituents used by Ferrari and Wallace (1975) in the liquid 
germi nation media they developed for Brassica genotypes. The medium used 
in the present experiments differed from the media of Ferarri and Wallace 
in that the pH was not adjusted, the PEG 20,000 was not purified, and the 
assay was not carried out in the presence of a phosphate buffer. The con-
stituents used in the liquid medium of this study were: (1) 0.1 mM H3 B0 3 ; 
(2) 0.4 mt·1 CaC1 2 ; (3) 17.5% PEG 20,000 (w/v); (4) 22.5% sucrose (w/v). 
The following germination assay used in this study was modified after 
the spot test described by Stanley and Linskens (1974) and takes into 
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account sources of error mentioned by Stanley and Linskens (1974): (1) a 
drop of pollen germination medium, averaging 0.04 ml/drop, was placed on a 
microscope slide; (2) one newly dehisced anther was stirred into the drop; 
(3) the slide with the pollen suspension was kept in a petri dish, which 
had moist filter paper in its lid, for 15 minutes; (4) with the aid of a 
compound microscope (X100), the total number of grains and the total number 
of germinating grains (grains with pollen tubes at least equalling the 
diameter of the pollen grain) were counted; no abnormal grains or grains at 
the periphery of the drop of medium were included in the count. The assay 
was repeated three times for each genotype being tested. 
Because this assay was not considered totally accurate 1 for Pelargoni-
um genotypes, the results of each replication were placed in one of the 
following classes: (1) poor germination (less than 5% of the grains 
started to germinate normally); (2) fair germination (5-10% of the grains 
started to germinate normally); (3) good germination (greater than 10% 
started to germinate normally). 
1The interpretation of the results of the germination assay was 
treated cautiously. While the pollen grains placed in the pollen germina-
tion medium started to germinate normally, the emerging pollen tubes quick-
ly burst and were pushed into the germination medium by a tube-like column 
of cytoplasm. While this absence of true pollen tubes militated against 
using this assay, the following considerations favored the use of this as-
say: (1) only pollen grains appearing normal sent out the cytoplasmic ex-
trusions; (2) not all pollen grains appearing normal sent out the cytoplas-
mic extrusions; (3) Stanley and Linskens (1974) reported that some re-
searchers count pollen to have germinated even if the pollen tube burst 
soon after pollen germination began. 
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Pollination of pistil cultures 
On the day that the cultured pistils matured, as evidenced by the 
folding back of the stigmatic lobes, the culture tubes were taken to the 
laminar flow transfer hood for pollination. Each pistil to be pollinated 
was removed from the culture tube with a sterilized stainless steel spatu-
la. With the pistil balanced on the end of the spatula, one anther was 
picked up with sterilized forceps and daubed on the stigmatic lobes. The 
pollinated pistil was then transferred to a new culture tube with fresh 
growth medium. All unpollinated controls and all pistils that did not rna-
ture were also transferred at the time that the pollinations were made. 
After each culture was transferred, the tube was capped with a KaputOD 
disposable closure. When all transfers were completed, the culture tubes 
were single-wrapped with Parafilm at the juncture of the cap base and the 
tube. 
As mentioned in the literature review, a dark cloud was observed in 
the culture medium around the shoot tips of various Pelargonium taxa (Horst 
et al., 1976; Harney, Department of Horticulture, University of Guelph, 
Guelph, Ontario, Canada, personal communication). This cloud, presumed to 
result from the oxidation of phenolic compound(s), proved toxic to the ex-
plants. A cloud of this type was also observed in the growth medium dur-
ing preliminary studies of P. x hortorum and P. x domesticum pistil cul-
tures. As with the studies cited above, the cloud in the growth medium 
proved to be toxic to the pistils. To minimize the toxic effect of the 
cloud on the pistils of the present study, I used the technique of trans-
ferring the explant to fresh growth medium (P. M. Harney, Department of 
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Horticulture, University of Guelph, personal communication) after the 
cloud appeared. 
Temperature and light 
Based on preliminary studies of P. x hortorum and P. x domesticum pis-
til cultures, the conditions of temperature and light listed in Table 15 
were used in the present study. 
Table 15. Temperature and light 
Photoperiod 
16 hour days 
8 hour nights 
Temperature 
24°C days 
18°C nights 
22.5 ~E/s m2 ± 2.0 ~E/s m2 
alight provided by Sylvania Gro-lux fluorescent lamps. 
In vitro pollination experiments 
The following experiments were performed between September and Decem-
ber, 1982. Experiments 1, 2, 4 and 5 were carried out as completely ran-
domized designs. Experiments 3 and 6 each had only one treatment. Not all 
treatments were included in each experiment due to shortage of experimental 
plant material at the correct stage of floral development. In addition, 
this lack of plant material at the correct stage of floral development 
forced the use of pollination schemes that were either untested for 
fertility (in the case of P. x hortorum 'Pink Jade' self-pollination) or 
which had unfavorable in vivo fertility data (in the case of P. x domesti-
cum 'Josephine' self-pollination). 
40 
Experiment 1 was done to investigate both in vitro seed set and mi-
crobial contamination following stigmatic self-pollination of P. x hortorum 
'Hazel' pistil cultures. The pollen for these experiments was provided 
through the 11 non-dis-pp 11 and 11 non-dis-gh 11 methods. The experiment con-
sisted of 80 P. x hortorum 'Hazel' pistil cultures assigned to treatments 
as follows: (1) 20 unpollinated controls; (2) 30 self-pollinations with 
pollen obtained through the 11 non-dis-pp 11 method; (3) 30 self-pollinations 
with pollen obtained through the 11 non-dis-gh 11 method. All pistils that 
matured were pollinated as described above. 
Experiment 2 was done to investigate both seed set and microbial con-
tamination following stigmatic self-pollination of P. x hortorum 'Hazel' 
pistil cultures. The pollen for this experiment was provided through the 
11 Sprayed bud 11 technique. This experiment consisted of 52 cultures of P. x 
hortorum 'Hazel' randomly assigned to treatments as follows: (1) 26 unpol-
linated controls; (2) 26 self-pollinations with pollen obtained through the 
11 Sprayed bud 11 method. All pistils that matured were pollinated as de-
scribed above. 
Experiment 3 was done only to investigate in vitro seed set following 
stigmatic self-pollination of P. x hortorum 'Pink Jade' pistil cultures. 
The experiment consisted of self-pollinating any of the 25 P. x hortorum 
'Pink Jade' pistil cultures that matured with pollen provided through the 
11 non-dis-pp 11 method. There was no unpollinated control. 
Experiment 4 was done to investigate in vitro seed production and mi-
crobial contamination following stigmatic self-pollination of P. x domesti-
cum 'Josephine' pistil cultures. The pollen for this experiment was pro-
vided via the 11 Sprayed bud 11 technique. The experiment consisted of 40 P .• x 
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domesticum 'Josephine• pistil cultures randomly assigned to treatments as 
follows: (1) 20 unpollinated controls; (2) 20 self-pollinations made with 
pollen provided through the 11 sprayed bud 11 technique. All pistils that ma-
tured were pollinated as described earlier. 
Experiment 5 was done to investigate in vitro seed set and microbial 
contamination following stigmatic self-pollination of P. x domesticum 'Jo-
sephine• pistil cultures. The pollen used in this experiment was provided 
through the 11 sprayed bud 11 and 11 non-dis-pp 11 techniques. The experiment con-
sisted of randomly assigning 40 P. x domesticum 'Josephine• pistil cultures 
to treatments as follows: (1) 20 unpollinated controls; (2) 10 self-polli-
nations made with pollen provided through the 11 Sprayed bud 11 method; (3) 10 
self-pollinations made with pollen provided through the 11 non-dis-pp 11 tech-
nique. All pistil cultures that matured were pollinated as described 
earlier. 
Experiment 6 was done solely to investigate in vitro seed production 
following self-pollination of P. x domesticum 'Josephine• pistil cultures. 
The experiment consisted of self-pollination of all of the 10 P. x domesti-
cum 'Josephine' pistil cultures that matured with pollen provided through 
the 11 non-dis-pp 11 technique. There was no unpollinated control. 
Collection of data 
The criterion for success in these experiments was seed formation. 
All cultures that failed to form seed in 30 days or that were terminated 
before 30 days were preserved in FPA (formalin, propionic acid, ethyl al-
cohol; 5:5:90), as suggested by Herr (1971). \·Jith the exception of the 
pistils of Experiment 6, the following data were collected for each 
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culture: (1) number of swollen carpels; (2) number of swollen ovules; (3) 
number of germinated pollen grains on the stigma; (4) number of pollen 
tubes in the style; (5) number of pollen tubes reaching the ovary; (6) num-
ber of days in culture. The number of swollen carpels and the days in cul-
ture were recorded at the time the pistils were preserved. The number of 
swollen ovules was determined as follows: (1) the pistils preserved in FPA 
were washed in two changes of 50% ethanol (Johansen, 1940); (2) the ovules 
were removed from the pistil to determine if they had shrivelled; (3) pis-
tils were placed in 70% ethanol to await further processing after the 
ovules were removed. Pollen germination and pollen tube growth were ex-
amined using a modified version of the fluorescence technique of Kho and 
Baer (1968): (1) the pistils, devoid of ovules, were removed from the 70% 
ethanol in which they were stored and rinsed twice in distilled water; (2) 
the rinsed pistils were placed in 8N NaOH for two hours, then rinsed in 
distilled water; (3) the rinsed pistils were placed in a solution of 0.05% 
aniline blue in 0.15 M K2 P04 buffer at pH 8.5 (modified after Currier and 
Strugger, 1956) and kept in a refrigerator for 24 hours; (4) the stained 
pistils were squashed in glycerin before examination with an Olympus BH-2 
compound microscope equipped with a reflected light fluorescence unit (both 
ultraviolet and blue excitation were used). The pistils were also examined 
using bright field and phase contrast microscopy. In addition to collec-
ting information pertaining to sexual reproduction, the proportion of cul-
tures lost to contamination was determined. 
43 
Data analysis 
All data concerning sexual reproduction for the first five experiments 
are summarized in tables. Beyond summarization, no statistical analyses 
were performed on this data. The sexual reproduction data for the sixth 
experiment are presented and discussed separately. Data concerning termi-
nation of the cultures for all the experiments with more than one treatment 
were subjected to chi square analysis as described in Cochran and Cox 
(1957). If single degree of freedom comparison were made, the chi square 
value was corrected for continuity as described in Steel and Torrie (1980). 
To determine if fertilization had taken place, the following criteria 
were used: (1) if a pistil had swollen carpels with swollen ovules, fer-
tilization was considered to have taken place; (2) if a pistil had swollen 
carpels with shrivelled ovules, fertilization followed by embryo and/or 
endosperm abortion was considered to have taken place; (3) if a pistil had 
nonswollen carpels with swollen ovules, fertilization was considered to 
have taken place only if dissection of the swollen ovules revealed embryos; 
(4) if a pistil had no swollen carpels and no swollen ovules, fertilization 
was considered not to have taken place. 
Results 
While the pollen germination assay used indicated that the pollen in 
the first five experiments should have had fair germinability (5-10% of the 
grains started to germinate normally), none of the pistils in these experi-
ments set seed (Table 16). Though all the cultures represented in Table 17 
were terminated before the 30 days that I had observed was needed for seed 
formation and maturation in the genotypes studied, lack of time in culture 
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Table 16. In vitro seed set (average per pistil) 
Poll en treatment 
Experiment Unpo 11 i nated non-dis-gh non-dis-pp Sprayed bud 
control 
1. 'Hazel • 0 0 0 
self- (n=20) (n=29) (n=29) 
pollination 
2. 'Hazel • 0 0 
self- (n=23) (n=26) 
pollination 
3. 'Pink Jade' 0 
self- (n=21) 
pollination 
4. 'Josephine• 0 0 
self- (n=18) (n=20) 
pollination 
5. 'Josephine• 0 0 0 
self- (n=20) (n=10) (n=10) 
pollination 
Table 17. Number of days pistils maintained in culture 
Experiment Treatment Range Mean N 
1. 'Hazel • control 8-12 10.10 20 
self-pollination non-dis-gh 8-12 11.31 29 
non-dis-pp 10-15 12.14 29 
2. 'Hazel • control 6-11 8.83 23 
self-pollination sprayed bud 11-14 11.11 26 
3. 'Pink Jade' non-dis-pp 8-14 10.86 21 self-pollination 
4. 'Josephine• control 8-23 17.10 18 
self-pollination sprayed bud 11-21 15.78 20 
5. 'Josephine• control 7-15 11.80 20 
self-pollination non-dis-pp 7-21 15.50 10 
s~rated bud 9-22 13.60 10 
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does not seem to be the cause of the observed seed set failure. Instead, 
the seed set failure appears to be due to the fact that fertilization did 
not take place. Specifically, Table 18 shows that none of the pistils had 
carpels vo~ith the swelling indicative of seed formation. Further, Table 18 
shows that, in fact, none of the ovules examined were swollen. 
Table 18. Average number of swollen carpels per pistil and average number 
of nonshrivelled ovules per pistil 
Experiment Treatment Swollen Swollen Range of days carpels ovules in culture 
1. 'Hazel' control 0 0 8-12 
self- non-dis-gh 0 0 8-12 
pollination non-dis-pp 0 0 10-15 
2. 'Hazel' control 0 0 6-11 
self-pollination sprayed bud 0 0 11-14 
3. 'Pink Jade' non-dis-pp 0 0 8-14 
self-pollination 
4. 'Josephine' contra l 0 0 8-23 
self-pollination sprayed bud 0 0 11-21 
5. 'Josephine' contra l 0 0 7-15 
self- non-di s-pp · 0 0 7-21 
pollination sprayed bud 0 0 9-22 
The results in Table 19, obtained using bright field microscopy, help 
explain the data in Table 18. First, few pollen grains germinated on the 
stigmas. Second, of the few pollen tubes that grew into the style, none 
were observed to grow as far as the ovary. 
In addition to the lack of in vitro seed set, there was also no in 
vi tro fruit formation. While most of the pistils of both cultigens did 
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Table 19. Pollen germination and pollen tube growth (average per pistil) 
Experiment Treatment Days in Po 11 en Po 11 en tubes Pollen tubes 
culture germination in style reaching ovary 
1. 'Hazel' non-dis-gh 8 
self-pollination 10 2.25 0 0 
12 0.23 0 0 
15 
non-dis-pp 8 
10 
12 0.27 0 0 
15 2.25 2.0 0 
2. 'Hazel' sprayed bud 11 2.21 0.47 0 
self-pollination 14 2.0 1.0 0 
3. 'Pink Jade' non-dis-pp 8 
self-pollination 10 1.25 0.75 0 
11 1.25 0.75 0 
12 0.33 0 0 
14 0.50 0.50 0 
4. 'Josephine' sprayed bud 11 3.0 0 0 
self-pollination 13 12.0 0 0 
14 3.0 0.5 0 
18 3.4 1.4 0 
19 3.4 1.4 0 
21 3.0 1.0 0 
5. 'Josephine• non-dis-pp 7 
self-pollination 10 
12 
13 
19 
21 
sprayed bud 9 
10 
12 
13 
15 
19 
22 
1.0 
2.0 
4.5 
3.0 
3.0 
0 
1.5 
0 
2.0 
2.0 
0 
0 
2.0 
2.66 
0 
0 
0.75 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
+o> 
-....j 
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increase in length from their size when the cultures were started, none of 
the increases in size are typical of developing fruits in vivo. 
In all the experiments represented in Table 20, none of the cultures 
had any surface contamination. The contamination that was observed and re-
ported in Table 20 developed exclusively under the surface of the growth 
medium. Although I felt that this type of contamination was not introduced 
through the pollen, the data in Table 20 were still analyzed by a chi 
square analysis to see if any trends could be seen. This analysis shows 
that only Experiment 5 (P. x domesticum 'Josephine' self-pollination) shows 
significant treatment differences because the ••sprayed bud'' treatment has 
a significantly higher percentage of cultures lost to contamination than 
does the unpollinated control. 
The reproductive data for Experiment 6 are presented in Tables 21 
through 23. Table 21 shows that none of the P. x domesticum 'Josephine • 
pistil cultures set seed or, in fact, showed evidence of the swollen car-
pels indicative of seed formation. These pistil cultures had culture lives 
ranging from 10 to 37 days (Table 22), although only one lasted 37 days in 
culture. Further analysis of the one culture lasting 37 days is presented 
in Table 23. Although this culture had no swollen ovules, the data in the 
table show two interesting things. First, 16 pollen tubes were observed in 
the style. Second, the final pistil length of the culture was approximate-
ly the same as the pistils' lengths I had observed for P. x domesticum 'Jo-
sephine' fruits in vivo. The culture in fact had the same overall appear-
ance as the fruit in vivo. Unfortunately, the pistil squash used to ex-
amine the pollen tubes in the style was of poor quality and no information 
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Table 20. Percent of cultures lost to contamination 
Contamination Other Tota 1 s Percent causes contaminated 
Experiment 1 
control 2 18 20 10% 
non-dis-gh 2 27 29 7% 
non-dis-pp 3 26 29 10% 
Tota 1 s 7 71 78 9% 
x2 = 0.249 not significant at a = .05 
Experiment 2 
control 15 9 24 63% 
sprayed bud 14 9 23 61% 
Tota 1 s 29 18 47 62% 
x2c = 0.034 not significant at a = .05 
Experiment 4 
control 3 17 20 15% 
sprayed bud 0 18 18 0% 
Tota 1 s 3 35 38 8% 
x2c = 1.232 not significant at a = .05 
Exper iment 5 
control 2 18 20 10% 
non-dis-pp 2 8 10 20% 
sprayed bud 5 5 10 50% 
Tota 1 s 9 31 40 23% 
x2 = 6.164 significant at a = .05 
Single degree of freedom comearisons X2c value ~ignificant at a = .05 
contra l vs. non-dis-pp 0.028 no 
control vs. sprayed bud 3.950 yes 
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Table 21. Average number of swollen carpels per pistil and average number 
of seeds per pistil for all Experiment 6 cultures 
Poll en 
treatment 
non-dis-pp 
N 
9 
Average number of 
swollen carpels per pistil 
0 
Average number of 
seeds per pistil 
0 
Table 22. Number of days pistils maintained in culture for all Experiment 
6 cultures 
Pollen N Range Mean treatment 
non-dis-pp 9 10-37 17.1 
Table 23. Analysis of the Experiment 6 culture maintained in culture for 
37 days 
Pollen Nonshrivelled Pollen 
treatment ovules germination 
non-dis-pp 0 
Pollen 
tubes 
in style 
16 
Poll en tubes 
reaching 
ovary 
Ending 
pistil 
length 
3mm 
could be obtained concerning pollen germination on the stigma or the num-
ber of pollen tubes reaching the ovary. Data for the number of nonshriv-
elled ovules, pollen germination, pollen tube growth and ending pistil 
length in the other pistil cultures in this experiment were not collected 
because the pistils were damaged during processing. 
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Discussion 
Before discussing the results, a few comments concerning technique are 
in order. First, none of the pollen tubes stained with analine blue fluo-
resced when illuminated either with ultraviolet or blue light. Because of 
this, all observations of the pistil squashes were made using bright field 
microscopy. While bright field microscopy appeared to be an adequate way 
to observe pollen tubes in the style, there is a chance that the NaOH used 
to prepare pistils for observation did not clear the pistil well enough to 
allow all pollen tubes present to be seen. Second, since the NaOH softened 
the pistils to a great extent, many of them were damaged during processing 
and were of little or no value in providing information about pollen germi-
nation and pollen tube growth. Third, while it would have been desirable 
to examine the ovules for evidence of fertilization by using traditional 
sectioning techniques, time did not permit this type of examination. An 
alternate method for examining the ovules would have been to use the clear-
ing technique of Herr (1971). Unfortunately, preparations of shrivelled 
ovules (which were all that were observed) are very hard to interpret by 
this technique. Because the ovules were not sectioned or cleared, there is 
a chance that there were situations in which fertilization was judged not 
to have occurred (i.e., no swollen carpels or ovules) that actually repre-
sented fertilization followed by early embryo abortion. 
The most striking observation in the first five experiments was that 
none of the P . x hortorum or P. x domesticum pistil cultures set seed. 
The analysis of the preserved cultures indicates that no fertilization 
took place. Evidence for this comes from the following: (1) none of the 
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pistils in any of the treatments had swollen carpels indicative of seed 
formation; (2) none of the pistils in any of the experiments had swollen 
ovules; (3) no pollen tubes were observed to grow as far as the ovary in 
any pistils. 
The apparent cause of the fertilization failure observed in all the 
cultures is that no pollen tubes reached the ovaries. One possible expla-
nation of why no pollen tubes reached the ovaries is that the pollen was 
of low vitality. Directly in support of this is the observation that few 
pollen grains germinated on the stigmas of any of the pistil cultures. 
This poor pollen germination could explain why few pollen tubes were ob-
served in the styles. Also, had more pollen tubes grown into the styles, 
some of them might have reached the ovaries. Indirect support for the 
theory of low pollen vitality comes from observations of other researchers. 
Hoekstra and Bruinsma (1975) observed that, while increased relative 
humidity increased respiration in trinucleate Chrysanthemum pollen, vitali-
ty was maintained much longer in lower relative humidity. Also noted in 
the same report was the fact that the capacity to germinate decreases much 
faster than the capacity to respire. Since Pelargonium pollen is trinu-
cl eate (Brewbaker, 1967), and since the relative humidity in culture tubes 
was quite high, the pollen used in the present experiments 1 may have lost 
the ability to germinate before it had the chance to do so. Also concern-
ing relative humidity in the culture tubes, Bar-Shalom and Mattson (1977) 
observed that compatible trinucleate pollen occasionally burst on stigmas 
kept in closed, humid chambers. Environmental factors during the 
1The pollen germination assay used indicated that 5-10% of the pollen 
should germinate. 
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development of the pollen have also been reported to contribute to low 
pollen viability. According to a review by Stanley and Linskens (1974), 
the following environmental factors affecting the pollen donor plant have 
been reported to cause low pollen viability: (1) low and high temperatures 
during development; (2) moisture stress; (3) nutritional deficiencies; (4) 
low light intensities or abnormal photoperiods during microsporogenesis; 
(5) chemicals applied to the plant for insect control. While the growing 
conditions of my pollen donor plants were controlled as much as possible, 
it is possible that one or several of the factors listed may have exercised 
a deleterious influence on the development of the pollen used in my ex-
periments. 
While it is tempting to blame poor pollen viability for the scarcity 
of pollen tubes growing into the style and the lack of pollen tubes reach-
ing the ovary, observations made by Tilney-Bassett (1963) and Phillipi 
(1961, cited in Tilney-Bassett, 1963) need to be considered. First, when 
studying pollen tube growth in Pelargonium zonale •t1eteror•, Phillipi 
(1961) noticed that, while the pollen germinated well on the stigma, the 
maximum number of pollen tubes observed growing down the style was seven. 
Tilney-Bassett (1963) reported that, after self-pollination of P. zonale 
•Paul Crampel •, an average of 4.5 pollen tubes were observed in the style. 
Four to five days after self-pollination of P. zonale •paul Crampel •, 
Tilney-Bassett observed an average of 4.3 developing ovules per flower. 
This is significant since it shows that fertilization took place in a 
Pelargonium species in spite of the fact that there were few pollen tubes 
observed growing down the style. 
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Other possible explanations of the pollen tube growth and seed set 
failures observed in my experiments are pure conjecture. Some of these 
speculative hypotheses are: (1) the pistils may be rendered reproductive-
ly nonfunctional either in the course of excision from the plant or during 
disinfestation of the pistil; (2) the growth medium or culture conditions 
may not be optimal for reproductive processes; (3) the removal of the 
calyx may hamper pollen tube growth as it has reportedly hampered seed and 
fruit formation. These speculations are the proper subject for further 
experimentation, but most could not be addressed in the present study due 
to lack of time. 
The cause of seed set failure in Experiment 6 is less clear than in 
the first five experiments. On the one hand, the single P. x domesticum 
'Josephine• pistil culture had no swollen carpels which would have indi-
cated seed formation if present and had no swollen ovules to indicate that 
fertilization had taken place. On the other hand, the single pistil which 
was examined lasted 37 days in culture and developed into a fruit. While 
parthenocarpy is a plausible explanation of the fruit formation and the 
fruit formation an explanation of the long culture life, parthenocarpic 
fruits were not observed in vivo following self-pollination of P. x domes-
ticum 'Josephine.l 
The results of the contamination study are hard to interpret. If pol-
len is to be considered as a source of contamination, one would expect to 
observe surface contamination in the culture tubes. In the experiments of 
1While no viable seed was recovered as a result of this self-pollina-
tion in vivo, the fact that small shrivelled seeds were found in each fruit 
rules out the possibility that these in vivo fruits were parthenocarpic. 
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this study, the only contamination observed in any of the cultures was be-
neath the surface of the culture medium. ~~hen considering this type of 
contamination, treatment differences can be seen in only one experiment. 
In this experiment, the "sprayed bud" treatment differs from the unpolli-
nated control for the percentage of cultures lost to contamination. This 
difference is suspect when considering the variable results for the 
"sprayed bud" treatment of the two other experiments where it was used. 
Because the type of contamination observed in these experiments was 
probably not introduced through the pollen, the use of contamination as 
the criterion for selecting a method for obtaining pollen is impossible. 
Also, because the pollen germination assay used for these experiments is 
suspect and, therefore, cannot be used precisely, the effect of these meth-
ods for obtaining pollen on pollen viability cannot be used as the cri-
terion for selecting a superior method for obtaining pollen. 
Based on the following considerations, the "non-dis-pp" method for 
obtaining pollen seems superior to the other techniques tested. First, 
since no disinfesting agents are used, the chances of damaging the pollen 
are minimal. Second, because the unopened flower buds are dissected in a 
sterile environment, the pollen provided through this technique should 
never have been exposed to contamination. 
Before more experimentation is done with in vitro pollination of P. x 
hortorum and P. x domesticum pistil cultures, the following must be done: 
(1) a reliable in vitro pollen assay must be developed for both P. x hor-
torum and P. x domesticum; (2) the pistil disinfestation process needs to 
be examined to determine if direct disinfestation of the pistils in a 
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bleach solution renders the pistil reproductively nonfunctional. Because 
of time constraints, only the latter concern was addressed in the follow-
ing study. 
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EVALUATION OF DISINFESTATION TECHNIQUES 
Introduction 
Prior to the in vitro pollination experiments described earlier, it 
was assumed that direct disinfestation of pistils in a bleach solution did 
not damage the pistils. This assumption was based on the following logic: 
(1) in vivo, stigmas of P. x hortorum and P. x domesticum characteristical-
ly unfold into five parts as they mature; (2) in vitro, the stigmas of dis-
infested P. x hortorum and P. x domesticum pistils unfold in the manner of 
their maturing counterparts in vivo; (3) since the disinfested pistils of 
P. x hortorum and P. x domesticum appear to mature normally in vitro, the 
disinfestation does not damage the pistils. The failure of the pistil cul-
tures to set seed following in vitro self-pollination cast some doubt on 
the above logic. 
The following experiments were carried out to determine three things. 
First, the in vitro pistil disinfestation technique used to prepare the 
pistil culture experiments described earlier was modified so that it could 
be applied in vivo. This treatment was applied in vivo to determine if 
disinfestation of P. x hortorum and P. x domesticum pistils, prior to com-
patible pollination, inhibited in vivo sexual reproduction. If sexual re-
production was inhibited by in vivo disinfestation, it might be inferred 
that in vitro disinfestation of pistils by this technique would also in-
hibit in vitro sexual reproduction. Second, two alternate disinfestation 
techniques were applied toP. x hortorum and P. x domesticum flower buds 
in vivo to determine if they inhibited in vivo sexual reproduction. If in 
vivo sexual reproduction was not inhibited by these bud disinfestation 
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techniques, the techniques could be used in any future in vitro experiments 
with genotypes for which pistil disinfestation is suspected of inhibiting 
sexual reproduction. Third, the two alternate methods of in vivo disinfes-
tation were modified so that they could be carried out in vitro. These 
treatments were applied in vitro to determine how effectively the tech-
niques prevented contamination of the culture medium. For reasons to be 
discussed later, only the experiments with a P. x hortorum genotype are in-
cluded in this report. 
Materials and Methods 
Plant material 
Combinations of the following genotypes were used in the in vivo dis-
infestation experiments: (1) P. x hortorum 'Pink Jade' (2) P. x hortorum 
'Skylark' (3) P. X domesticum seedling 07604-1; (4) P. X domesticum 'Jose-
phine'. All plants were propagated and maintained as described in the 
Appendix. 
In vivo disinfestation treatments 
Three in vivo disinfestation methods were tested on greenhouse-grown 
plants. Each technique was given a descriptive name to facilitate presen-
tation of the results. The first technique, referred to as the 11 bleached 
pistil 11 technique, is the in vivo equivalent of the pistil disinfestation 
technique used to prepare pistils for the in vitro pollination experiments 
described earlier. This technique, modified after Rao and Rangaswamy 
(1972), was carried out as follows: (1) unopened florets with spread se-
pals and folded petals that exceeded the sepals in length by 4-5 mm were 
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stripped of all floral parts except the pistil; (2) the resulting naked 
pistils were disinfested in a solution containing 10 parts commercial laun-
dry bleach (containing 5% sodium hypochlorite) and 90 parts distilled water 
(containing 0.05 ml Triton X-100/1000 ml of solution) for 15 minutes; (3) 
following disinfestation, the pistils were rinsed four times with sterile 
dis t i 11 ed water. 
The second technique, modified after Rangaswamy and Shivanna (1971a) 
and referred to as the 11 bleached bud 11 technique, was carried out as fol-
lows: (1) unopened florets of the size used for the 11 bleached pistil 11 
treatment were disinfested for 15 minutes in the same solution as used in 
the 11 bleached pistil" treatment; (2) following disinfestation, the florets 
were rinsed four times with distilled water; (3) after rinsing, the florets 
were stripped of all floral parts except the pistil. 
The third disinfestation technique, referred to as the 11 alcohol bud 
dip 11 was carried out as follows: (1) unopened florets of the size used 
in the 11 bleached pistil 11 treatment were given a five second dip in 70% 
ethyl alcohol; (2) all floral parts except the pistil were removed. 
A nondisinfested control was also prepared. This treatment was car-
ried out as follows: (1) unopened florets of the size used in the above 
treatments were stripped of all floral parts except the pistil; (2) no dis-
infestation or rinsing was done. 
Application of in vivo disinfestation treatments 
The plant bearing the pistil or unopened floret to be disinfested was 
inverted and suspended over the greenhouse bench. A 300 ml beaker contain-
ing 250 ml of the appropriate disinfestation solution was raised toward the 
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suspended plant until the pistil or floret was immersed in the solution. 
For any disinfestation taking more than a few seconds, the solution was 
held in place on blocks. After the designated period of disinfestation, 
the beaker was removed. Any rinsing was done in the same manner as the 
disinfestation. 
In all of the experiments described above, all florets that were not 
part of the experiment were removed from the umbel. None of the florets 
were bagged as per procedures described in the earlier section dealing 
with in vivo crossability. 
Pollen for in vivo pollinations 
Pollen for making in vivo pollinations was collected as described in 
the earlier section dealing with in vivo crossability. 
Establishing pistil cultures 
Pistil culture establishment employing the 11 bleached bud 11 disinfesta-
tion procedure was as follows: (1) unopened florets of the size used in 
the in vitro pollination experiments described earlier were randomly se-
lected from greenhouse-grown plants; (2) the selected buds were excised and 
taken to a laminar flow transfer hood where they were disinfested for 15 
minutes in a solution of 10 parts commercial laundry bleach (containing 5% 
sodium hypochlorite) and 10 parts distilled water (containing 0.05 ml 
Triton X-100/1000 ml of solution); (3) the disinfested buds were aseptical-
ly transferred to sterile jars where they were rinsed four times with 
sterile distilled water; (4) the rinsed buds were aseptically transferred 
to sterile petri plates where the calyx, corolla, stamens and all but 3 mm 
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of the pedicel were aseptically removed; (5) with a sterilized steel spatu-
la, the pistils were placed in culture tubes each containing 15 ml of 
growth medium. 
Pistil culture establishment employing the 11 alcohol bud dip 11 method 
of disinfestation was carried out as follows: (1) unopened florets of the 
size used in the in vitro pollination experiments described earlier were 
randomly selected from greenhouse-grown plants; (2) the selected buds were 
excised and taken to a laminar flow transfer hood where they were immersed 
in 70% ethyl alcohol for five seconds; (3) the dipped buds were aseptical-
ly transferred to sterile plastic petri plates where the calyx, corolla, 
stamens and all but 3 mm of the pedicel were aseptically removed; (4) the 
pedicels were dried by wiping them with sterilized filter paper; (5) with 
the aid of a sterilized spatula, the pistils were placed in culture tubes 
each containing 15 ml of growth medium. 
The culture tubes for both treatments were capped with Kaput® dis-
posable closures. The culture tubes, culture medium, culture maintenance 
and growth chamber condition~ were as described in the earlier section 
dealing with in vitro pollinations. 
Experimental design 
It \'las hoped that pollination schemes for which I had in vivo fer-
tility data could be used. Unfortunately, these experiments were done very 
late in the season (December, 1982) so that I was forced to use the geno-
types that were flowering at the time of the experiments. Because of this, 
several of the pollination schemes were ones that were not tested in the 
earlier section on in vitro crossability. 
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Experiment 1 was done to determine if in vivo disinfestation of P. x 
hortorum 'Pink Jade' pistils by the 11 bleached pistil' technique inhibited 
in vivo seed set. To do this, eight plants of P. x hortorum 'Pink Jade' 
were selected as seed parents. From these plants, 24 unopened florets of 
the size described in the section dealing with in vivo crossability were 
randomly selected. Twelve of the florets were randomly assigned to each 
of the following treatments: (1) nondisinfested control; (2) 11 bleached 
pistil. 11 Each pistil that matured was pollinated with one freshly de-
hisced P. x hortorum 'Pink Jade' anther. 
Experiment 2 was done to determine if the 11 bleached pistil, 11 11 bleached 
bud 11 or 11 alcohol bud dip 11 disinfestation techniques inhibited in vivo sex-
ual reproduction in P. x hortorum 'Skylark'. To do this, 10 plants of P. x 
hortorum 'Skylark' were selected as seed parents. From these plants, 40 
unopened florets of the size used in the in vivo crossability experiments 
described earlier were randomly selected. Ten of these florets were ran-
domly assigned to each of the following treatments: (1) nondisinfested 
control; (2) 11 bleached pistil, 11 (3) 11 bleached bud; 11 (4) 11 alcohol bud dip. 11 
Each pistil that matured was pollinated with one freshly dehisced P. x hor-
torum 'Pink Jade' anther. 
Experiment 3 was done to determine if the 11 bleached pistil 11 , 11 bleached 
bud 11 or 11 alcohol bud dip 11 disinfestation techniques inhibited in vivo sexu-
al reproduction in P. x domesticum 'Josephine~. To do this, 10 plants of 
P. x domesticum 'Josephine• were randomly selected as seed parents. From 
these, 60 unopened florets of the size used in the in vivo crossability ex-
periments described earlier were randomly selected. Fifteen of these 
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florets were randomly assigned to each of the following treatments: (1) 
nondisinfested control; (2) 11 alcohol bud dip; 11 (3) 11 bleached pistil; 11 (4) 
11 bleached bud ... Each pistil that matured was pollinated with one freshly 
dehisced P. x domesticum seedling 07604-1 anther. 
Experiment 4 was done to determine how effectively in vitro disinfes-
tation of P. x hortorum •skylark' flower buds by the 11 alcohol bud dip 11 and 
the 11 bleached bud 11 methods prevented contamination of the in vitro culture 
medium. To do this, 10 P. x hortorum •skylark' pistil cultures were estab-
lished by the "alcohol bud dip" technique described above and 10 P. x hor-
torum 'Skylark' pistil cultures were established by the "bleached bud" 
technique described above. 
Data analysis 
Each of the three in vivo disinfestation techniques and the nondisin-
fested in vivo control were evaluated by the following criteria: (1) per-
centage of pistils maturing (as evidenced by the unfolding of the stigmatic 
lobes); (2) percentage of pollinated pistils forming fruit; (3) percentage 
of pollinated pistils forming seed. Any pistils damaged during disinfes-
tation were not included in the data analysis. All proportions that were 
compared were subjected to a chi square analysis as described in Cochran 
and Cox (1957). When single degree of freedom comparisons were made, the 
chi square values were corrected for continuity as described in Steel and 
Torri e ( 1980). 
For the two in vitro disinfestation experiments, the proportion of 
cultures lost to contamination and the proportion of pistils maturing (as 
evidenced by the unfolding of the stigmatic lobes) were determined. In 
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addition, data concerning the number of days in culture were recorded. 
None of the cultures lost during disinfestation or during culture main-
tenance were considered when analyzing the data. No data analyses were 
performed beyond presenting the data in tables. 
Results 
Experiment 1 
Table 24 shows that the 11 bleached pistil 11 treatment and the nondisin-
fested control are not significantly different for the number of P. x hor-
torum 1 Pink Jade• pistils that matured. There are, however, significant 
treatment differences for the percentage of pistils that developed into 
fruit after pollination and the percentage of pistils that produced seed 
after pollination. Table 25 shows that none of the pistils in the 
11 bleached pistil 11 treatment developed into fruit following pollination, 
while 91.7% of the pistils in the nondisinfested control did. Table 26 in-
dicates that none of the pistils in the bleached pistil treatment set seed 
after pollination, while 91.7% of the pistils in the nondisinfested con-
trol did. 
Table 24. Percentage of P. x hortorum 1 Pink Jade• pistils maturing follow-
ing in vivo disinfestation 
Mature 
Not mature 
Total 
Percent receptive 
x2 = 2.761 c 
Control 
12 
0 
12 
100% 
Bleached pi sti 1 
5 
3 
8 
62.5% 
not significant at a = .05 
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Table 25. Percentage of P. x hortorum 'Pink Jade' pistils developing into 
fruit following in vivo disinfestation and pollination 
Contra 1 Bleached pistil 
Fruit 11 0 
No fruit 1 5 
Total 12 5 
Percent elongating 91.7% 0% 
x2 c = 9.282 significant at a. = .05 
Table 26. Percentage of P. x hortorum 'Pink Jade' pistils setting seed 
following in vivo disinfestation and pollination 
Control Bleached pistil 
Seed 11 0 
No seed 1 5 
Total 12 5 
Percent forming seed 91.7% 0% 
x2 = 9.285 d. f. = 1 significant at a. = .05 c 
Experiment 2 
As seen in Table 27, the treatments do not differ significantly for 
the percentage of P. x hortorum 'Skylark' pistils that matured after disin-
festation. There are, however, significant treatment differences for the 
percentage of pistils that developed into fruit following pollination (Ta-
ble 28). Single degree of freedom comparison of the fruit formation data 
in Table 28 show the following: (1) the control has a significantly higher 
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Table 27. Percentage of P. x hortorum JSkylark' pistils maturing follow-
ing in vivo disinfestation 
Alcohol Bleached Contra 1 bud dip Bleached bud pistil 
Mature 10 9 10 10 
Not mature 0 1 0 0 
Total 10 10 10 10 
Percent receptive 100% 90% 100% 100% 
x2 = 3.074 no significant treatment differences at a = .05 
Table 28. Percentage of P. x hortorum 'Skylark' pistils developing into 
fruit following in vivo disinfestation and pollination 
Contra 1 
Fruit 7 
No fruit 3 
Total 10 
Percent elongating 70% 
x2 = 11.877 significant 
Single d.f. comparisons 
Control vs. bleached pistil 
Alcohol bud dip vs. bleached bud 
Control vs. bud disinfestation 
Alcohol Bleached Bleached 
bud dip bud pistil 
5 3 0 
4 7 10 
9 10 10 
55.6% 30% 0% 
treatment differences at a = .05 
x2c value 
7.912 
0.437 
1.080 
Significant treat-
ment differences 
yes 
no 
no 
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percentage of pistils that developed into fruits than does the "bleached 
pistil" treatment; ' (2) the "alcohol bud dip" and the "bleached bud" treat-
ments are not significantly different for the percentage of fruits formed 
after pollination; (3) the "alcohol bud dip" and the "bleached bud" treat-
ments considered together do not differ significantly from the unpollinated 
control for the percentage of fruits formed. The percentage of pistils 
that set seed is summarized in Table 29. Although there are no significant 
treatment differences for seed set, the chi square value is close enough 
to being significant that I made single degree of freedom comparisons of 
these data. These comparisons show the following: (1) although none of 
the pistils in the "bleached pistil" treatment formed seed following polli-
nation, the "bleached pistil" treatment is not significantly different from 
the control; (2) seed set for the bud disinfestation treatments taken as a 
whole does not differ significantly from the nondisinfested control. 
Table 29. Percentage of P. x hortorum •skylark• pistils setting seed fol-
lowing in vivo disinfestation and pollination 
Contro 1 Alcohol Bleached Bleached bud dip bud pistil 
Seed 4 5 3 0 
No seed 6 4 7 10 
Total 10 9 10 10 
Percent forming 40% 55.6% 30% 0% 
seeds · 
x2 = 7.442 no significant treatment differences at a = .05 
Single d.f. comparisons x2c value 
Significant treat-
ment differences 
Contro 1 vs. bleached pistil 2.825 no 
Alcohol bud dip vs. bleached bud 0.437 no 
Contro 1 vs. bud disinfestation 0.082 no 
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Experiment 3 
Table 30 shows that there are significant differences for the percent-
age of P. x domesticum 'Josephine' pistils that matured after disinfesta-
tion. Single degree of freedom comparisons of this information show the 
following: (1) the control and the 11 bleached pistil 11 are not significantly 
different for the percentage of pistils that matured; (2) the 11 bleached 
bud 11 treatment has a significantly higher percentage of pistils that ma-
tures than does the 11 alcohol bud dip; 11 (3) the 11 alcohol bud dip 11 has a sig-
nificantly lower percentage of pistils that matured than does the nondis-
infested control. Tables 31 and 32 indicate that the treatments do not 
differ significantly for the percentage of pistils that developed into 
fruit after pollination and the percentage of pistils that set seed after 
pollination. 
Table 30. Percentage of P. x domesticum 'Josephine' pistils maturing fol-
lowing in vivo disinfestation 
Control 
r~ature 12 
Not mature 1 
Total 13 
Percent receptive 92.3% 
x2 = 34.302 significant 
Single d.f. comparisons 
Control vs. bleached pistil 
Alcohol bud dip vs. bleached bud 
Control vs. alcohol bud dip 
Alcohol 
bud dip 
2 
13 
15 
13. 37~ 
treatment 
0.036 
14.750 
14.360 
Bleached Bleached 
bud pistil 
10 9 
0 0 
10 9 
100% 100% 
differences at <l = .05 
Significant treatment 
differences 
no 
yes 
yes 
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Table 31. Percentage of P. x domesticum 'Josephine' pistils developing 
into fruit following in vivo disinfestation and pollination 
Control Alcohol Bleached Bleached Total bud dip bud pistil 
Fruit 5 1 6 5 7 
No fruit 7 1 4 4 16 
Total 12 2 10 9 33 
Percent 
elongating 41.7% 50% 60% 55.6% 51.5% 
x2 = .8159 not significant at a. = .05 
Table 32. Percentage of P. x domesticum 'Josephine' pistils setting seed 
following in vivo disinfestation and pollination 
Contra 1 Alcohol Bleached Bleached Total bud dip bud pistil 
Seed 5 1 6 5 17 
No seed 7 1 4 4 16 
Total 12 2 10 9 33 
Percent 
forming seeds 41.7% 50% 60% 55.6% 51.5% 
x2 = .8159 not significant at a. = .05 
As can be seen from Table 33, none of the P. x hortorum 'Skylark' pis-
til cultures in either the "bleached bud" or "alcohol bud dip" treatments 
were terminated because of contamination. Concerning this point, the data 
in Table 34 show that the pistils were in culture long enough for contami-
nation to manifest itself (based on preliminary observations of 
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contamination in pistil cultures). In addition to the fact that no pis-
tils were lost to contamination, all pistils in both treatments matured 
in culture (Table 35). 
Table 33. Percentage of P. x hortorum 'Skylark' pistil cultures lost to 
contamination 
Bleached bud Alcohol bud dip . Total 
Contamination 0 0 0 
Other causes 7 9 16 
Total 7 9 16 
Percent contaminated 0% 0% 
Table 34. Number of days that P. X hortorum 'Skylark' pistils were main-
tained in culture 
N Range Mean 
Bleached bud 7 16-23 20.0 
Alcohol bud dip 9 12-19 17.7 
Table 35. Percentage of P. x hortorum •skylark' pistils maturing following 
in vitro bud disinfestation 
Mature 
Not mature 
Total 
Percent rna ture 
Bleached bud 
7 
0 
7 
100% 
Al coho 1 bud dip 
9 
0 
9 
100% 
Total 
16 
0 
16 
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Discussion 
Two contrasting conclusions can be drawn from the in vivo disinfesta-
tion experiments. First, it appears that the 11 bleached pistil 11 method of 
disinfestation inhibits in vivo sexual reproduction in P. x hortorum. This 
conclusion is based on the observations that flowers of the P. x hortorum 
cultivars 1 Pink Jade• and •skylark• that were disinfested by the 11 bleached 
pistil 11 method did not form fruits or set seed1 following pollination. 
The second and opposite conclusion is that the 11 bleached pistil 11 tech-
nique does not appear to inhibit in vivo sexual reproduction in P. x domes-
ticum. This conclusion is based on the observations that P. x domesti c um 
•Josephine• flowers disinfested by the 11 bleached pistil 11 technique did not 
differ significantly from the control for fruit formation or seed set fol-
lowing pollination. 
If in vitro sexual reproduction is affected by disinfestation in the 
same manner as it is in vivo, then it appears that the 11 bleached pistil 11 
method is satisfactory for disinfesting P. x domesticum pistils but is not 
satisfactory for disinfesting P. x hortorum pistils. 
Because of the above conclusions, only the experiments dealing with 
in v itro disinfestation of P. x hortorum flowers by either the 11 alcohol bud 
dip 11 or the 11 bleached bud 11 techniques are of interest. These experiments 
show that 100% of all the P. x hortorum pistils disinfested by these tech-
niques matured in culture while 0% were lost to contamination. Since 
1While no seed was formed in either cultivar, this result is signifi-
cantly different from the control only in the case of P. x hortor um 1 Pin k 
Jade•. A significant difference might also be seen for P. x hortorum •sky-
lark• if the same proportions were observed in a larger experiment. 
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neither technique affected fruit formation or seed set in vivo, it would 
appear that either bud disinfestation technique is an adequate replacement 
for disinfesting P. x hortorum flowers by the 11 bleached pistil 11 technique. 
When considering the above discussion of the in vivo disinfestation 
experiments, two points should be kept in mind. First, the sample size 
in all the experiments was small. Tilney-Bassett (1963) observed, when 
analyzing self-pollination data for several P. zonale genotypes, that the 
fertility of different inflorescences of the same clone may fluctuate 
through the growing season. He went on to note that a consistent average 
fertility will probably be attained only after making a large number of 
pollinations. While I tried to compensate for the small number of pollina-
tions by considering the percentage of pistils forming seed rather than the 
total number of seeds, it would still be desirable to repeat this work 
with a considerably larger number of experimental units. Second, the in 
vivo disinfestation experiments were carried out in the greenhouse and, 
therefore, the conditions of light, temperature, and humidity were differ-
ent from those encountered by cultured pistils. 
As with the in vivo disinfestation experiments, the sample size for 
the in vitro disinfestation experiments was small. Because of the small 
sample size, these experiments should be repeated before relying heavily 
on the results. 
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SUMMARY AND CONCLUSIONS 
In vitro stigmatic self-pollination of pistil cultures of the P. x 
hortorum cultivars 'Hazel ' 1 and 'Pink Jade' 2 and P. x domesticum 'Jose-
phine' 3 did not result in seed set. The seed set failure in these experi-
ments was caused by the failure of pollen tubes to reach the ovaries of 
any of the pistil cultures. In one P. x domesticum 'Josephine' self-polli-
nation, a fruit was formed. Because I had never observed parthenocarpic 
fruit formation in vivo, it is possible that this fruit formed as a result 
of fertilization. 
In vivo disinfestation experiments were carried out to determine if 
disinfestation of flower parts inhibited in vivo sexual reproduction. 
These studies show that: (1) in the P. x hortorum cultivars 'Pink Jade' 
and 'Skylark', the "bleached pistil" technique inhibits in v ivo sexual re-
production; (2) in the P. x domesticum cultivar 'Josephine', the "bleached 
pistil" technique does not inhibit in vivo sexual reproduction. Because 
the "bleached pistil" method of disinfestation inhibits sexual reproduction 
i n the P . x hortorum cultivars, two alternate methods of in vivo disinfes-
tation are of interest. Neither of these bud disinfestation techniques in-
hibited in vivo sexual reproduction, and neither differed from the other 
for their effect on sexual reproduction. When these bud disinfestation 
1In vivo fertilization has been demonstrated through crossabi l ity ex-
periments (viable seeds formed). 
2In vivo fertilization has been ascertained through observation of 
seed set following natural self-pollination (viable seeds formed). 
3In vivo fertilization has been demonstrated through crossability ex-
periments (shrivelled seeds formed). 
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techniques were used to prepare pistils for culture, it was found that: 
(1) none of the cultures in either treatment were lost to contamination; 
(2) all pistils in both treatments matured after being placed in culture. 
I had hoped that in vitro seed formation in selected P. x hortorum and 
P. x domesticum genotypes could be accomplished. While the P. x domesticum 
•Josephine• self-pollinations resulted in one in vitro fruit, no in vitro 
seed set was observed in any of the pistil cultures. Because the pollina-
tion schemes used resulted in fertilization when carried out in vivo, I as-
sume that the pollen tube failures that led to the seed set failures re-
sulted from lack of pollen vitality. It should be noted, however, that 
researchers studying fertilization in Pelargonium zonale observed only a 
few pollen tubes growing into the style even in situations where germina-
tion rates were high. These few pollen tubes, however, were able to affect 
fertilization. 
The fact that one of the P. x domesticum pistil cultures developed 
into a fruit offers hope that in vitro seed set can be achieved in Pelar-
gonium taxa. However, before more experiments are performed with in vitro 
stigmatic pollinations of P. x hortorum and P. x domesticum pistil cul-
tures, a reliable in vitro pollen germination assay must be developed. If 
this can be accomplished, experimentation must be done to determine if pol-
len of P. x hortorum and P. x domesticum loses vitality in an environment 
with high relative humidity (i.e., a culture tube). 
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APPENDIX 
Plant Propagation 
All plant material was obtained by making tip cuttings of stock plants 
provided by Dr. Griffith J. Buck, Department of Horticulture, Iowa State 
University. The cuttings were started in peat, perlite and soil (1:1:1) 
in 4-inch pots and finished in the same soil mix in 6-inch pots. 
Plant Maintenance 
All plant material was maintained on the center bench of a greenhouse. 
The plants were watered directly in the pots on a daily basis. Nutrients 
for the plants were provided by Osmocote 14-14-14 control release fertili-
zer. Fungicide treatments were applied only as needed (weekly sprayings 
with Daconil 2787-75W), and insecticide treatments consisted of alternate 
use of Temik 10% granular (a systemic insecticide) and Sumithrin (a syn-
thetic pyrethroid applied as a foliar spray). During the warm months, am-
bient temperature prevailed in the greenhouse. During the cool months, the 
temperature ranged from 17°C during the nights to 28°C during the days. 
When the natural daylength was less than 16 hours, 300 watt incandescent 
lamps were used to extend the daylength to 16 hours. The lamps were placed 
at 6-foot intervals at a height of 4 feet above the bench. 
